The increasing use of biodiesel raised concerns about its toxicological effects on the environment. However, few studies have analyzed the impact of biodiesel, especially ethyl biodiesel from residual frying oils and fats (RFOF), on aquatic organisms. Here, were used biodiesel produced by acid esterification followed the alkali transesterification and biodiesel produced by saponification, acidification and two acids esterification, both in the laboratory and their mixtures (B100, B20, and B7). The eluates were obtained by mixing biodiesel with saline water and tested the effect of several concentrations of them on the mortality rate of nauplii of the brine shrimp Artemia salina. The results of study showed that blend of diesel with greater proportion of biodiesel caused less mortality rate to A. salina nauplii. The saline eluate with 93% diesel and 7 % biodiesel (E4 and E10) showed the mortality of A. salina on 50% eluate exposure while E7 it was 90%. The mixture does increase toxicity with the presence of diesel, B100, only in E8 mortality occurred (LD 50 = 100%). Conversely, the eluates E R1/100 and E R2/100 produced from ethyl biodiesel of RFOF R1 and R2 biodiesel, respectively, did not have toxicity.
INTRODUCTION
Biodiesel is a biofuel produced from a mixture of methyl or ethyl esters of fatty acids obtained from renewable sources, such as oils and fats. Its main characteristics are biodegradability, lack of sulfur and aromatic compounds, and excellent lubricity (D´agosto et al., 2015; Salvi & Panwar, 2012) . Several raw materials have been used for producing biodiesel, including residual frying oils and fats (RFOF). However, this material has quality problems, especially its low oxidative stability due to fatty acid oxidation during frying.
The increasing production of biodiesel raises concerns about its environmental impacts (Lapinskienė et al., 2006) . Thus, biodiesel toxicity needs to be evaluated in order to understand and mitigate its environmental impacts. Toxicity tests and chemical analyzes are complementary, since the latter quantify toxic substances, while the former assess their effects on biological systems (Krull & Barros, 2012) like Brazil, it is still a developing issue. The present study aimed to evaluate the use of Aquatic Ecotoxicology in Brazil based on the following key issues: the criteria for test organism selection; the most used species, routes, types of exposures and endpoints, and; the importance given to multispecies and in situ tests. A total of 227 publications authored by Brazilian researchers were analyzed and it was observed that among the reasons for test organism selection, its origin (native species. Simply quantifying such substances provide little information about their impact on the biota, since their toxicity may depend on interaction with other components of the effluent. Thus, it is often difficult to isolate a single toxic substance (Jalava et al., 2012; Williams et al., 2015) .
Most toxicological studies involving biodiesel have evaluated its impact on air pollution, especially those produced from canola using the methyl route, since this is the most commonly used biodiesel in Europe and the United States (Ajanovic, 2011; Firrisa et al., 2014) . Conversely, the effects of ethyl biodiesel received less attention. For example, Swanson et al. (2009) compared the effects of organic extracts of particulate matter emitted by the combustion of ethyl and methyl soybean biodiesel and diesel on human respiratory epithelial cells. However, it is still difficult to extrapolate these experimental results to human populations (Cavalcante et al., 2014; Lapinskienė et al., 2006) . However, few ecotoxicology studies have investigated the effects of biodiesel on aquatic environments. For example, Chae et al. (2005) found that the biodiesel obtained via the methyl route is slightly toxic to the freshwater microalga Chlorella vulgaris. Other studies e.g., Da Cruz et al. (2012) ; Khan et al. (2007) ; Leite et al. (2011); Nogueira et al. (2011); Yassine et al. (2012) produces less harmful combustion emissions, and biodegrades more easily. Like diesel spills, biodiesel can have deleterious effects on the aquatic environments. The effect of neat biodiesel, biodiesel blends, and diesel on Oncorhynchus mykiss and Daphnia magna was evaluated using acute toxicity testing. Static nonrenewal bioassays of freshwater organisms containing B100, B50, B20, B5, and conventional diesel fuel were used to compare the acute effects of biodiesel to diesel. Mortality was the significant end point measured in this study; percent mortality and lethal concentration (LC50; Nogueira et al. (2013) Tjarinto et al. (2014) also tested the toxicity of methyl biodiesel. They found that diesel/biodiesel blends can contaminate freshwater environments, due to toxic and recalcitrant substances, including volatile organic compounds, aromatic components, and their derivatives (Mitre et al., 2012) .
However, few studies tested the toxicity of ethylic biodiesel to aquatic organisms. For example, Bedin (2013) compared the toxicity of commercial ethyl alcohol derived from different oilseeds against their mixtures with diesel (B5, B20, and B100) to the Nile Tilapia (Oreochromis niloticus). He found that the B5 and B20 blends are more toxic than the B100. Also, the pure diesel is more toxic than all other samples, probably due to the PAH composition.
Nonetheless, no study evaluated the toxicity of ethylic biodiesel to salt or brackish water organisms. In order to reduce its toxicity, the methyl biodiesel should contain as little as possible methanol, but it is need to knows if the same occur as residual ethanol from the production of ethyl biodiesel (Da Cruz et al., 2012; Gateau et al., 2005; Leite et al., 2011; Rosen et al., 2014) while reducing greenhouse gas emissions. However, the toxicity of products and effluents from the biodiesel industry has not yet been sufficiently investigated. Brazil has a very high potential as a biodiesel producer, in view of its climatic conditions and vast areas for cropland, with consequent environmental risks because of possible accidental biodiesel spillages into water bodies and runoff to coastal areas. This research determined the toxicity to two marine organisms of the water-soluble fractions (WSF.
One of the most used organisms in ecotoxicological assessments is the brine shrimp, Artemia salina (Crustacea: Anostraca). This species inhabits aquatic saline environments and can be easily cultured under laboratory conditions. Despite being the largest of Earth's aquatic environments, saline environments are neglected by most ecotoxicological studies (Sorgeloos et al., 1978) .
Artemia salina is a non-selective filter feeder that occurs in environments with a wide range of salinity (5 to 250 g.L -1 ) and temperature (6 to 35 °C). It has a short life cycle, highly adaptable to adverse environments, and parthenogenetic reproduction (with nauplii or small cysts) (Matthews, 1995; Nunes et al., 2006; Sorgeloos et al., 1978) . A commonly estimated parameter is the lethal dose (LD 50 ) of a given substance necessary to kills 50% of the individuals exposed (Krull & Barros, 2012 ; like Brazil, it is still a developing issue. The present study aimed to evaluate the use of Aquatic Ecotoxicology in Brazil based on the following key issues: the criteria for test organism selection; the most used species, routes, types of exposures and endpoints, and; the importance given to multispecies and in situ tests. A total of 227 publications authored by Brazilian researchers were analyzed and it was observed that among the reasons for test organism selection, its origin (native speciesWilliams et al., 2000) like Brazil, it is still a developing issue. The present study aimed to evaluate the use of Aquatic Ecotoxicology in Brazil based on the following key issues: the criteria for test organism selection; the most used species, routes, types of exposures and endpoints, and; the importance given to multispecies and in situ tests. A total of 227 publications authored by Brazilian researchers were analyzed and it was observed that among the reasons for test organism selection, its origin (native species. Here, were tested the toxicity of the soluble fraction (eluate) of the ethyl biodiesel from RFOF on the mortality rate of nauplii of A. salina. Specifically, were used two biodiesel: production obtained via esterification followed by transesterification of the RFOF and another obtained via saponification, acidification, and double esterification.
MATERIAL AND METHODS

Production of ethyl biodiesel from residual fry oils and fats by acid esterification followed the alkali transesterification (R1)
The production was started with 2.5% sulfuric acid to form the esterifying reagent, which then was mixed to raw material at 11:1 (w/w) reagent molar ratio. This mixture was placed in a reactor at 70 °C for 4 h under stirring at 450 rpm. Then, removed of ethanol in rotary evaporator (Quimis ® -Q344B2), the reduced pressure (Prismatec pump model I22-BCP). The grease material was washed with warm water until the water pH 6.0. The grease material rested to separate the water. Then, a distillation the reduced pressure and filtration with sodium sulfate were carried out.
Later, alkali transesterification was done the in reactor (Marconi, MA 159/150) with automatic agitator (IKA® RW 20). Then, 1.5% potassium hydroxide was solubilized in ethanol to form the potassium ethoxide catalyst, which then was mixed to grease material at 13:1 (w/w) ratio reagent molar. This mixture was placed in a reactor at 70 °C for 4 h under stirring at 800 rpm. The ethanol was removed by rotary evaporator with reduced pressure. The mixture of biodiesel and glycerol was allowed to stand at 24 hours. The glycerol was separated. The biodiesel was washed with solution hydrochloric acid 1.0 mol L -1 and water distillation. Then, a distillation the reduced pressure and filtration with sodium sulfate were carried out.
Production of ethyl biodiesel from residual fry oils and fats by saponification, acidification and two acids esterification (R2)
The production was started with saponification from residual oils and fats. The solution 30% (v/v) potassium hydroxide was mixed to raw material in a reactor at 90 °C for 2 h under stirring at 200 rpm. After the saponification, the product was allowed to stand at 12 hours to separate of glycerol. Then , the acidification for production of free fats acid was realized, by method developed Suarez et al. (2015) .
For acidification, phosphoric acid (more than 50% volume of saponification product) was added to reactor with automatic agitator until the solution was acidic (pH?). The mixture of biodiesel and glycerol was allowed to stand at 8 hours. The free fats acid and water were separated from the residual potassium by filtration. Then, the water was separated from free fats acid by decantation and filtration with sodium sulfate. For impurities reduction, the free fats acid was mixture with hexane at 1:1 (w/w) ratio reagent molar. After, the solvent was removed by rotary evaporator under reduced pressure. The free fats acid was washed with warm water until the pH 7.0. The product was filtration with sodium sulfate was carried out. After this process two acids esterification were carried out in series, according to the method cited above.
Ecotoxicological essay
The essay was realized of according method by Meyer et al. (1982) in biodiesel produced using acid esterification followed by alkaline transesterification (sample R1), other biodiesel using saponification followed by acidification and two acid esterifications (sample R2), and biodiesel/diesel mixtures. Ecotoxicological tests followed the standards L5.019 (CETESB, 1990) and L5.021 (CETESB, 1991), which contain instructions for the cultivation of A. salina nauplii and for conducting ecotoxicological tests using A. salina, respectively.
Preparation of the eluate
Eluate is the water soluble fraction of biodiesel and BX mixtures, as defined by ABNT 15469: 2007: "the aqueous solution of a sample of low miscibility in water obtained after extraction with water" (ABNT, 2007) . Each eluate was prepared by adapting the standard ABNT NBR 15469:2007. Specifically, each biodiesel and its respective BX mixtures were mixed with 3.5% (w/v) aqueous saline solution, in a ratio of 750 mL of sample with 250 mL of aqueous saline solution. These mixtures remained stirring at 150 rpm for 24 h in a reactor (Marconi MA 502). After 24 h, the mixture was transferred to a funnel, where it remained for 24 h to for a complete separation of the eluate from the oil. The eluate (Table 1) was stored in plastic HDPE bottles under refrigeration. 
Cultivation of Artemia salina nauplii
Artemia salina eggs were cultured following Meyer et al. (1982) in a 1 mL separatory funnel filled with a 3.5% (w/v) aqueous saline solution. It was added 30 mg of A. salina eggs to the funnel, which was placed in an incubator at 25 °C (Marconi MA 403) with an aquarium pump whose flow was 4.5 L.min
Eggs were incubated for 48 h, with a 23 h:1 h dark:light regime and 10 min intervals during cultivation, under aeration. After 48 h, eggs hatched and aeration was removed. Hatching eggs, which remained in the bottom, were separated from those that did not hatch, which remained in the upper part of the funnel. Nauplii were in the middle of the culture medium.
The volume 500 to 700 mL of culture medium with the nauplii was transferring them to a beaker with about 100 mL of the culture medium. Then, it washed the filter with distilled water to remove nauplii and transferred them to the beaker. It was put a light at the top of the beaker to keep the nauplii suspended in the solution.
Ecotoxicological test of the eluate
The nine solutions with different concentrations of eluates (100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, and 0%) were used to test its effects on the mortality rate of nauplii. In each test tube placed about 10 nauplii of A. salina. Test tubes were incubated for 24 h at 30 °C and at 141.3 µmol.m 2 .s illumination. Ten replicates for each eluate concentration, and counted the number of dead nauplii using a dissecting microscope, to determine the mortality rate and the eluate concentration that kills 50% of the specimens (LD 50 ). Alive nauplii were those that moved for at least 10 s.
RESULTS AND DISCUSSION
The samples of biodiesel R1 and R2 meet all quality standards (Table 2 ) required by the Brazilian National Agency for Petroleum (Resolution 45/2014), except for oxidative stability, which is usually low for biodiesel from unsaturated oils (e.g., soybean) and especially those with oxidized components, such as frying oils.
It was produced two diferent biodiesel with the purpose to evaluate if the production route could influence in a suitable ecotoxicological situation. Some biodiesel properties can be directly linked on microbiological growth during its storage, such as acidity, the oxidative stability, water contente and contaminants such as glycerol and mono-di-tri-glycerides. this paper, it could be noticed that the route involving acid esterification followed the acid esterification followed the alkali transesterification (R1) is more suitable to dicrease ecotoxicological effects, leading to a lower toxicity, compared to route R2.
The samples B7, whose biodiesel concentration was identical to those commonly found in Brazil, caused mortality of A. salina nauplii in concentrations of 40%. The mortality rate is substantial only in concentrations equal to or greater than 90% in samples with 20% of biodiesel. Thus, diesel with higher proportion of biodiesel could be less harmful to seawater organisms in the case of a spill.
CONCLUSION
When comparing ethylic biodiesel of residual fry oils and fats with their raw material, it could be noticed that the conversion to biodiesel dicreases the impact effects of these residual oils on aquatic environment. Thus, it was noticed that biodiesel concentration in diesel increases and inhibits further the biodiesel toxicity on saline medium, which could be beneficial to aquatic biota at the tropic level evaluated, in case of such same samples being spilled on saline or brackish water. Also, two routes of production tested, R1 and R2, it could be noticed a considerably lower toxicological effect when using route R1 by acid esterification followed by alkali transesterification. Therefore, ecotoxicological assays using A. salina provided useful information about the environmental impacts of an oil spill in the ocean.
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on ethylic biodiesel studies as well as its mixtures with diesel oil. The eluates were prepared with saline solution from ecotoxicological assays in proportions of 0 to 100% eluate in solution. The results found for mortality or immobilization of Artemia saline at each concentration and in each eluate are shown in Table 3 . From the data in Table 3 , the LD 50 values for each eluate were calculated.
The lowest mortality rate of A. salina was recorded in eluates E2, E5, and E3 (Table 3) . Since all specimens survived in these eluates, the LD 50 could not be calculated. The sample B100 was even less harmful to A. salina than the RFOF itself, since the eluate of RFOF had an LD 50 of 98% (Table 3) . Thus, the B100 (pure biodiesel) and its mixtures with diesel in seawater would be less harmful to the biota in case of spilling, given that solubilizing agents (e.g., surfactants) are absent.
The toxicity of both R1 and R2 increased with increasing concentration of diesel in the BX mixture. The toxicity of diesel is usually due to highly toxic PAHs (polycyclic aromatic hydrocarbons), which are volatile organic compounds with high sulfur content (Karavalakis et al., 2010; Rosen et al., 2014) . In relation of routes of biodiesel production used in 
